A total of 427 elderly patients with femoral neck fractures were studied retrospectively to identify factors that may be correlated with life expectancy and functional prognosis. Gender, age, prefracture activities of daily living (ADL), electrocardiogram (ECG), electroencephalogram (EEG), cognitive function, hemoglobin level, total protein level, and type of fracture were evaluated to determine the correlation of each predictive factor with survival time after surgery and three-month postoperative waWig recovery rate. The one-year survival rate was found to be 55.9%: 59.1% for women and 52.3% for men. The walking recovery rate was 55.8%. The most important factors affecting life expectancy were prefracture AD& ECG, EEG, and cognitive function score (Hasegawa's score). Electroencephalogram and Hasegawa's score also were found to be important prognostic factors for postoperative ADL. Preoperative medical conditions are useful indicators for determination of functional prognosis and survival.
The median age of the Japanese population is increasing rapidly. Therefore, a sharp increase in the incidence of femoral neck fracture also may be predicted in association with osteoporosis.
Immediately after hip fracture, patients may show a rapid deterioration in mental and physical functions. Despite medical advances in surgical technique and anesthetic management, there has been an increase in mortality arising from this fracture, particularly in the elderly Patients with hip fracture often have one or more general complications. They may show poor mental adaptability due in part to an inadequate understanding about treatment, and consequently, a failure to receive sufficient rehabilitation. It is well known, however, that long-term bed rest causes mental deterioration and activities of daily living (ADL) impairment in these patient~.~ In the hospital, the authors preferentially employ radical surgery for the treatment of hip fracture to preserve ambulation ability as soon as possible, although the results are still far from satisfactory.
Thus, an understanding of predictive factors that may have prognostic significance in these patients is essential not only for selection of the most appropriate operative treatment but also for subsequent physical therapy. The purpose of this article is to discuss the relationship between preoperative conditions and outcome in patients with femoral neck fracture, with particular reference to life expectancy and functional prognosis.
MATERIALS AND METHODS
The study included a total of 427 patients with femoral neck fractures who had received surgical treatment during a ten-year period between January 198 1 and January 1990. The patient population consisted of 333 women aged 48 to 99 years (mean, 76.6 years) and 94 men aged 36 to 95 (mean, 80.7 years). Patients in their seventies (197 cases) and eighties (145 cases) constituted about 80% of the total. The follow-up period ranged from three months to three years after operation, with a mean of 24.1 months. Patients were excluded from the study if they had hemiplegia caused by cerebrovascular diseases, cerebellar impairment, multiple fractures, malignant tumor, or rheumatoid arthritis that could be fatal or severely reduce the ability to walk for reasons other than the injury.
Of a total of 427 patients, 262 had the extracapsular type of fracture and 165 had the intracapsular type. Intracapsular fractures were further subclassified based on the Garden Classification9 and extracapsular fractures were categorized using the Evans Classification! Thirty-one patients had Garden Stage I or I1 intracapsular fractures and were treated by cannulated hip screw or multiple pinning. One hundred twenty-five had fractures consistent with Garden Stage 111 or IV. Of these, 1 1 1 were treated by femoral head replacement and two were treated by Girdlestone's operation. Nine had unknown Garden stage because of incomplete records. Ninety-four had extracapsular fractures of a stable type (Groups 1 and 2 of Type I). Of these, 44 were treated by Ender's nailing, ten received cannulated hip screw, and 40 were treated by dynamic hip compression screw fixation. One hundred forty-one had extracapsular fractures of an unstable type (Groups 3 and 4 of Type I and Type 11). Of these, 70 were treated by hip compression screw fixation, 63 were treated by Ender's nailing, and eight were treated by femoral head replacement and total hip arthroplasty. Twentyseven had extracapsular fractures of unclassified type. Of these, 1 1 were treated by Ender's nailing and other operations (five, angle plate; seven, external fixation; two, Girdlestone's operation; and two, unknown).
All of these patients were given the same exercise program by the same team of therapists involved in the study. The program started with isometric strengthening exercise in bed on the first two postoperative days. After the suction drainage was removed, patients were started on strengthening and mobilizing exercise. On the 14th through the 2 1st postoperative day, these patients performed full weight-bearing exercises between parallel bars. Gait training commenced at the same time. After evaluation by the physical therapist, the patients were permitted to use one cane, and with further improvement, unaided ambulation was indicated.
On admission, the patients were subjected to electrocardiogram (ECG), electroencephalogram (EEG), Hasegawa's dementia test," and blood biochemistry. Modified Minnesota code' was used to evaluate ECG results. Based on the evidence of ischemic changes and the severity of arrhythmia, the patients were subdivided into four groups by order of severity, with Group I as normal, Group I1 as slightly abnormal, Group 111 as moderately abnormal, and Group IV as severely abnormal. The electroencephalogram (EEG) of each patient was evaluated based on the criteria proposed by Johannesson et al.l4 The patients were classified into Group I with a normal EEG, Group I1 with a slightly abnormal EEG, Group 111 with a moderately abnormal EEG, and Group IV for a severely abnormal EEG. Because the screening scale of Hasegawa originally classifies the degree of dementia in four categories, the patients were assigned to Group I if normal (score, 31-32.5), Group I1 for borderline (22-30.5), Group 111 for predementia (10.5-21.5), and Group IV for dementia (0-10). The questions and scoring protocol for the Dementia Screening Scale of Hasegawa are as follows:
1.
2.
3. 4. 5. 6. 7. 8. 9.
10.

.
What is today's date? (score 0, 3) Where are you? (name of the place) (0,2.5)
What is your age? (0, 2) How long have you been here? (0, 2.5) Where is your place of birth? (0, 2) When was the Second World War? (0, 3.5) How many days are there in a year? (0, 2.5) Who is the Prime Minister? (0, 3) Subtract 7 from 100, then 7 from 93, and so Repeat the numbers in reverse order (6.8.2; 3.5.2.9) (0, 2. 4)
Indicate five things and have the patient memorize them (0,0.5, 1.5, 2.5, 3.5) on (0,2,4)
Ambulation ability was defined as follows: Group I patients walked without an aid, Group 11 patients walked with an aid, Group 111 patients were confined to a wheelchair, and Group IV patients were bed ridden.
For functional prognosis and life expectancy, clinical test results (ECG, EEG, Hasegawa's score, hemoglobin, and total protein values), age, gender, ADL before the fracture, three-month postoperative ADL, and types of fracture (from the roentgenograms taken at the injury) were evaluated as potential determinants.
For the total of nine variables reviewed in this study, survival curves were plotted using the Kaplan-Meier m e t h~d . '~ Thedegreesofstatistical significance were defined by log-rank test. Those factors that were found to have a significant association by the univariate test then were analyzed Number 292
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Femoral Neck Fracture 217 further by use of a stepwise Cox proportional hazard model. This multivariate analysis was used to test for the correlations between the univariate predictive factors. Thus, the independent and complementary prognostic factors related to survival rate could be identified. In all the statistical tests, the null hypothesis was rejected ifp < 0.05. Multivariate analysis was performed by a statistical analysis system (SAS). In terms of functional prognosis, the authors examined the correlation between three-month postoperative ADL and nine prognostic factors that were divided into two categories. Statistical significance was tested by the chisquare test.
RESULTS
LIFE EXPECTANCY
Age and Gender. In both male and female patients, the mortality rate was higher during the first six postoperative months and then gradually declined. The one-year survival rate was found to be 55.9%: 59.1% for women and 52.3% for men, with a higher one-year mortality rate for men. Gender was found not to be a significant factor for survival rate prediction.
With respect to patient age, the survival rate was not significantly different in the early postoperative stage (three months) between patients older than 80 years and patients 80 years or younger. Six-month and one-year term survival rates, however, were 75.4% and 65.6%, respectively, in patients 80 years or younger, and they were significantly higher compared with 64.0% and 52.196, respectively, in patients older than 80 years. The positive effect of age on survival rate at and beyond six months was found to be statistically significant (p -= 0.05, Table 1 ).
Prefiucture ADL.
In terms of prefracture ADL, the survival rate in Groups I and I1 was 80.4% for three months, 71.2% for six months, and 60.9% for one year. These figures were higher than those in Groups 111 and IV throughout the entire period of study. The prognostic value of the prefracture ADL was (223) 6.0 g/dl or more (346)/less than 6.0 g/dl (16) Intracapsular fracture ( I46)/extracapsular fracture (200) Stable type (85)/unstable ( 1 15) Survival rates of compared categories were arranged so that they were greater than those of baseline category. found to be statistically significant (r, < 0.0 1, Table 1 ) . ECG, EEG, and Cognition Test. The survival rate was higher in Groups I and I1 than in Groups 111 and IV in terms of ECG, EEG, and Hasegawa's score ( Figs. 1-3 , Table 1) through the study period.
Hemoglobin and Total Protein. One-year survival rate was 65.1% in patients with a hemoglobin level of 1 1 g/dl or higher and 5 1.4% in patients with less than 1 1 g/dl hemoglobin. All three-month, six-month, and one-year postoperative survival rates were higher in patients with a hemoglobin level of l l g/dl or higher. The positive effect of high hemoglobin level on survival rate was found to be statistically significant (p < 0.01, Table 1 ) . Throughout the study period, however, no significant difference was found between the survival rate of patients with a total protein Clinical Orthopaedics and Related Research level of 6 g/dl or higher and patients with less than 6 g/dl total protein.
Types of Fracture. The postoperative survival rate in patients with intracapsular fracture was 84.3% at three months, 77.5% at six months, and 66.2% at one year, all significantly higher when compared with 74.9%, 64.1%, and 55.8% at three months, six months, and one year, respectively, in patients with extracapsular fracture (r, < 0.05, Table 1 ) . There was no significant difference between survival rates in patients who had stable or unstable types of fracture.
Multivariate Analysis. Variables that were found to be significant by the log-rank test were included in the multivariate analysis. Prefracture ADL, ECG, EEG, and Hasegawa's score were identified as independent and incremental factors relating to survival rate. Age, hemoglobin level, and types of Survival rate 0 I or II (N.208) 0U.I or N (N.97) Femoral Neck Fracture 219 operation (ie., able to walk). Conversely, only 20 (28.6%) of 70 patients included in Group I11 or IV with respect to cerebral function remained with ADL I and I1 prefractures. There was a significant correlation between cerebral function and postoperative ADL in this group of prefracture ADL I and I1 0, < 0.01). Unfortunately, cerebral function and postoperative ADL were not correlated in patients with prefracture ADL 111 and IV. In this group, only 3% of the patients could walk after surgery. With respect to the type of injury, 66 of 120 patients (55%) with intracapsular fracture and 66 of 188 patients (35.1%) with extracapsular fracture had ADL I or I1 after surgery. Gender, ECG, hemoglobin value, and total protein value were found to have no prognostic value for three-month postoperative ADL. 
-
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FUNCTIONAL PROGNOSIS
Three-month postoperative ADL deteriorated in 135 of 242 patients with prefracture ADL I (55.7%); 45 of 66 patients with prefracture ADL I1 (68.1%); and in 27 of 50 with prefracture ADL 111 (54%). That means that 57.8% of the patients excluding those with prefracture ADL IV (207 of 358) experienced a postoperative decrease in ADL (Table 3 ). The walkingrecovery rate was 55.8%. Postoperative ADL and cerebral hnction test results (EEG and Hasegawa's score) were studied in 238 of 308 patients with prefracture ADL I and I1 and 66 of 82 patients with prefracture ADL I11 and IV. Of 168 patients with prefracture ADL I and I1 who belonged to Group I (109) or I1 (59) based on cerebral function tests (EEG and Hasegawa's score results), 109 (64.9%) had ADL I and I1 after DISCUSSION Hospital mortality rate from this fracture varies from 3% to 30%. Previous studies have indicated that the survival rates after the first six postoperative months were extremely P O O I -.~,~ It has been reported by Jensen and Proportional hazard ratio of each factor is listed. If a certain factor has a higher hazard ratio, it contributes more to fatality. The degree of contribution may be estimated based on the hazard ratio. T~ndevold'~ that the mortality rates are 17% at three months, 2 1% at six months, and 27% at one year. Mortality rates similar to these have also been reported in other ~t u d i e s .~, '~~'~ In the current study, however, the mortality rates were higher than the figures documented in these previous studies. This can be explained partly by the high incidence of abnormal prefracture ADL, ECG, EEG, and cognitive score because dementia, cerebral dysfunction, and congestive cardiac failure have been implicated as risk factors for One hundred seventeen of 327 (35.8%) patients with hip fracture presented abnormal findings in EEG. Additionally, 158 of 330 patients (47.8%) were found to be in stages of predementia or dementia. Patients with the Hasegawa's score of 22 or more and normal or borderline EEG had a better functional prognosis. Conversely, those with dementia and abnormal EEG findings before surgery had a very limited response to rehabilitation. Therefore, it seemed that dementia or cerebral dysfunction was significantly associated with high mortality rate, and this is in agreement with other studies that have shown that mental instability is a risk fac-t~r .~* '~~'~ A moderate to severe degree of ECG abnormality, which is more likely to be associated with congestive heart failure, was noted in 98 of 239 patients (41%). When ECG abnormality was coupled with cerebral dysfunction (EEG and Hasegawa's score), so that all three factors were included in Group 111 or IV, the six-month and one-year mortality rates were much higher at 88.8% and 99.4%, respectively. Conversely, the survival rate in patients with all these factors included in Group I or I1 was very high: 78.6% at six months and 63.4% at one year after operation. As already reported by Ceder et aZ.,2 the results of these examinations were useful indicators to predict the prognosis in each case of hip fracture.
In addition to cerebral dysfunction, some social factors may contribute to the high incidence of mortality. First, the mean patient age in the study population was almost equal to the life expectancy of the Japanese population. Second, the length of the hospital stay was l~ng:'~*'~*'' the average duration was 15.1 months, and the institutional diet, which may be limited in quantity and variety, coupled with reduced physical activity, may lead to an overall decline in the general condition of the patients. A third factor was the influence of admission or discharge ~tatus.'~.'~ On admission and discharge, most of these patients showed higher degrees (living in nursing home or long-term nursing at home) of social dependence, which has been reported to be assoCiated with the mortality rate.12 In the authors' hospital, approximately 75% patients with hip fractures were brought in from other institutions. Approximately 30% returned to their original institutions after treatment and the other 70% stayed in the hospital until their death. This fact most probably accounts for the higher incidence of deaths recorded in the hospital. Although these preoperative factors are important, there are other parameters that warrant consideration. For example, the interval between the fracture and the operation, operative procedure, operation time, blood loss during operation, and anesthesia may interdependently affect the prognosis, although this was not demonstrated in the current study.
A comparison of ADL between the time before fracture and three months after surgery showed that in more than half the patients, ADL dropped by one rank of measurement. The risk of ADL deterioration was highest in patients with prefracture ADL 11, suggesting that patients with unstable ADL who could walk with or without aid may be affected easily by fracture and surgical intervention. Inevitably there is further ADL deterioration that prevents walking even with an aid. Prefracture ADL is a crucial factor in determining the postoperative walking ability? One potential cause for the observed ADL deterioration is cerebral dysfunction, which is one of the important determinants for life expectancy. Postoperative ambulation was regained by 64.9% of the patients with ADL I and I1 who had Group I or I1 cerebral status, but only 28.6% of those in Group I11 or IV regained ambulation. This result shows that recovery of walking ability may be related to cerebral function, i.e., EEG and Hasegawa's score findings (p c 0.05). Predictably, however, only about 3% of the patients with prefracture ADL I11 and IV who had Group I or I1 cerebral status could walk with or without aid after operation, so the effect of cerebral function on recovery of walking ability could not be identified.
In terms of the relationship between fracture type and mobility, Nieman'' surveyed 190 patients aged 83 or older with hip fracture and reported that 60% of the patients with intracapsular type and 58% of those with extracapsular type fractures recovered ambu-lation ability after operation. For Garden Stage I or I1 intracapsular and extracapsular fractures, rehabilitation may be delayed because osteosynthesis requires a longer postoperative period when compared with patients treated with hip arthroplasty after intracap sular fracture. Furthermore, in cases of unstable type of extracapsular fractures, firm fixation of the fracture site is surgically difficult. This may prolong bed confinement and reduce the chance of regaining walking ability. In fact, orthopedists often have trouble treating unstable types of extracapsular fracture, which represent approximately 70% of the cases reported in the elderly population. By relating prefracture parameters, types of fmcture, and postoperative rehabilitation programs, prognostic indicators may be disclosed that will improve the overall treatment and prognosis of elderly patients with fractures.
